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ABSTRACT
The laminar transition to turbulent flow is usually occurred at any flow of liquid but 
what make it difference are their velocity and other condition. The main objective of 
this study was to understand how laminar flow transition to turbulent occurred in open 
channel flow and designed an open channel model. Their effect is studied and 
thoroughly the Reynolds number that suitable for each laminar, transition and turbulent 
flow condition are determined. The method of study was discussed and the data will be 
plotted in the form of Pressure against Velocity by using a simple program, which has 
been made using Visual Basic language. The results obtained from this study of open 
channel could not achieved laminar flow because of inadequate equipment and parts. 




Aliran laminar yang mengalami pertukaran kepada aliran bergelora biasanya berlaku 
dalam semua jenis aliran cecair, tetapi apa yang membezakan aliran-aliran ini adalah 
nilai halaju dan faktor-faktor lain. Objektif utama kajian ini dibuat adalah untuk 
memahami arus laminar yang bertukar kepada arus gelora dalam salur aliran terbuka 
yang dibuat dan direka dalam bentuk model. Kajian ini juga dijalankan untuk mengkaji 
dengan lebih mendalam mengenai kesan dan nilai nombor Reynolds yang bersesuaian 
dengan kajian ini. Data yang diperolehi dari kedalaman aliran air akan dimasukkan 
dalam suatu program kiraan yang dibuat menggunakan Visual Basic, di mana dalam 
program ini graf tekanan air melawan halaju aliran air akan diperolehi. Keputusan 
eksperimen yang diperolehi daripada kajian mengenai salu aliran terbuka ini tidak 
dapat menghasilkan arus laminar disebabkan oleh penggunaan alat yang tidak 
memenuhi spesifikasi. Selain daripada itu, kesilapan dalam merekabentuk model hanya 
disedari apabila model tersebut telah dihasilkan.
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1.1 Introduction to Open Channel Flow 
The open channel means the liquid, which are bounded by side walls while their 
upper boundary is a free surface. Water at room temperature is practically used for 
experiment in open channel. Since there was free surface in open channel, it was 
subjected to atmosphere pressure and at the bottom layer friction. This is because the 
flow in the upper part of the channel is effected by gravity while lower part of the 
channel is effected by friction of channel surface. 
The examples of open channels are frequently encountered at natural streams, 
rivers, canals and also for pipe-lines or tunnels which are not completely fill with liquid. 
The open channel has several shapes such as rectangular, circle and irregular. Different 
in shape gives the different value effect of friction and ambient pressure. Usually the 
channel with irregular width such as river is suitable for the research in finding the 
hydraulic jump and friction loss. This is due to the channel roughness, which will have 
more difficulties to have the laminar flow. It will also directly produce turbulent when 
the flow collide with the roughness surface. [Robert, 1994]
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1.2 Flows in Open Channel 
The flow in open channel may be uniform or non-uniform, steady or unsteady. It is said 
to be uniform if the velocity of the liquid does not change either in magnitude or 
direction. This condition is achieved only if the cross-section of the flow does not 
change along the length of the channel and thus the depth of the liquid must be 
unchanged. Consequently, uniform flow is characterized by the liquid surface being 
parallel to the base of the channel. 
Flow in which the liquid surface is not parallel to the base of the channel is said 
to be non-uniform or also known as varied, since the depth of the liquid continuously 
varies from one section to another. Figure 1.1 shows the uniform and non-uniform flow 
in open channel flow. The change in depth may be rapid or gradual and it is commonly 
called rapidly varied flow and gradually varied flow. Sometime uniform flow exists in 
one part of a channel while varied flow exists in another part. This phenomenon is 
showed by Figure 1.2. [Walter, 1990]
Figure 1.1 Uniform and Non-uniform Flow [Massey, 1983]
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Figure 1.2 Uniform and Non-Uniform Flow Effect in Channel [Massey, 1983]
The flow is classified as steady or laminar and unsteady or turbulent in 
accordance to the velocity and depth of channel. These two main types of flows in open 
channel have differences in their flow properties. Laminar flow is a fluid that moving in 
straight line and is also known as steady flow. Laminar usually occur at very low flow 
rates and it is difficult to be achieved in open channel because of the effect from the 
ambient pressure. It is also occurred at shorter length. Laminar flow is longer in length 
if it is flowing in the closed duct such as piping system. Figure 1.3 shows the laminar 
flow out from pipe, which the liquid is not completely filled the pipe. 
Meanwhile, Turbulent flows generally take place when the flow rate is high. 
Turbulent is a flow, which is no longer smooth and not straight. Usually open channel 
produce turbulent flow due to effect from surrounding. With the free surface, the flows 
of open channel can be easily transformed to turbulent whenever it receives any
3
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disturbance. In addition the transition is very fast and short, sometime could not be seen 
by naked eyes. Figure 1.4 shows the turbulent flow out from pipe as the liquid is not 
completely full. [White. 1994]
Figure 1.3 Laminar Flow [White. 1994]
Figure 1.4 Turbulent Flow [White. 19941
1.2.1 Reynolds number 
Co measure ý hether the flow is in laminar or turbulent flow. it is needed to 
calculate their Reynolds number. To find Reynolds number the hydraulic diameter, it is
4
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required to determine the velocity and viscosity of the liquid. Usually in open channel, 
laminar flow occurs when the Reynolds number is 600. If the Reynolds number is over 
than 600, the flow is no longer laminar and will be in transition to turbulent flow. 
Meanwhile for turbulent to happen in open channel flow, the Reynolds number
should be bigger than 1 x 10' . I f the Reynolds number is between 600 and l x 10' the flow
is called as transition flow. The Reynolds number is different for different shape of 
channel. Thus, to find the Reynolds number the wetted perimeter for the channel will be 
considered. Besides. the velocity also affects the Reynolds number. [Massey. 1983] 
Reynolds number has a lot advantages in fluid mechanics, because it gives 
information to the flow condition. For example, the submarine has been designed in 
cylindrical shape and sharp at its front because it gives smooth movement and it can 
reduce the turbulent flow. Therefore, the speed of submarine will increase because of 
less resistance to the flow. Figure 1.5 shows the laminar flow around the basic shape of 
submarine.
Figure 1.5 laminar flow around basic shape of submarine. [Merzkirch, 1987]
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1.3 Simple Waves and Surges in Open Channel 
Waves and surges of various kinds, which produce unsteady condition, may 
disturb the flow in open channel. Open channel was a free surface, therefore any 
disturbances will produce wave in their flow and this will cause turbulent flow in open 
channel. For example, a stone dropped into a pond causes a series of small surface 
waves or the effect from opening water gate produce, surged waves and the laminar 
flow is difficult to be achieved. Figure 1.6 shows the waves in the simple rectangular 
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Figure 1.6 Waves in Rectangular Channel [Massey, 1983]
1.4 Objective of This Study 
The objective of this study is to design an experiment for open channel flow and 
to define at what condition, laminar flow will change to turbulence. 
This study will also find the suitable Reynolds number or each condition of flow 
by using the experiment data obtained.
6
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A simple program to calculate and compare the data from experiment will be 
created. With the data that have been calculated, by the program, graphs of pressure 
against velocity will be plotted. In order to determine at the relationship between the 





2.1 Open Channel Flow
The study of open channel flow is started by Greeks scientists, particularly Aristotle 
and Archimedes. 
Aristotle (384-322 B. C. ) believed that the motion exhibited by all elements, 
including water, was related to their tendency to return to their natural level. He 
discussed the movement of bodies through air and water, and found out that "when the 
moving thing impedes, it will cause a difference in the medium. In a secondary degree, 
even if it is at rest, most of all it is moving in the opposite direction. " He was then 
thought about drag. Drag occurred when the body moved through a medium (air, 
water) or fluid resistance if the fluid flowed over a stationary streambed. 
Archimedes (287-212 B. C. ) had obtained more information about fluid 
behavior by creating, built the Archimedes' screw and formulating the fundamental 
rules of hydrostatics. He found that if any solid lighter than a fluid was placed in the 
fluid it will float. The weight of that solid is equal to the weight of the water displaced. 
Neither Archimedes nor Aristotle ever considered about the flow of water through a 
channel or aqueduct. [Rouse, 1957]
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